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10-1 Conversion of Plastic, Wood and Paper Solid Waste to High-Performance, Low-Cost Microcellular Plastics
Shaoqin Gong, UW-Madison
Poly(ethylene terephthalate) (PET) resin is one of the most widely used thermoplastics, especially in packaging. Because thermal and hydrolytic degradations, recycled PET (RPET) exhibits poor mechanical properties and lacks moldability. The effects of adding elastomeric modifiers and chain extenders (CE) to RPET on its moldability and mechanical property were investigated. Melt blending of RPET with CE, thermoplastic elastomer (TPE), and/or poly (butylene adipate-co-terephthalate) (PBAT) was performed in a thermokinetic mixer (K-mixer). The blended materials were then injection molded to produce tensile specimens. Various characterization techniques were employed to study the mechanical properties, rheological properties, compatibility, and crystallization behavior of the RPET blends. By melt blending with proper additives, recycled PET regained its moldability, thereby enabling the recycling of RPET. Furthermore, the addition of CE greatly enhanced the mechanical properties of RPET. While the RPET and TPE blends also showed improved mechanical properties, the improvement was less significant and the blends were often immiscible due to the difference in polarities between RPET and TPE. Finally, it was found that the mechanical properties of RPET blends depended on the prior thermal history of the material and could be improved with an extra annealing step that increased the degree of crystallinity.

10-2 Nutrient Availability from a Pelletized Waste Material

Richard Wolkowski, UW-Madison

The research described in this report was conducted as part of the Brown County Waste Transformation Initiative (BCWTI).  The BCWTI is a public-private partnership of various stakeholders in northeast Wisconsin that is exploring methods of improved solid waste utilization through the development of commercially viable products that are appealing for public use.  Many of these materials are currently being landfilled, incinerated, or land-applied in an unstable form.  To date, a variety of solid waste materials have been blended and pelletized in “bench top” scale tests to create usable and more easily transportable products.  Examples of waste materials that may be included are animal manure, paunch manure and other wastes from meat packing plants, papermill residuals, municipal biosolids, and other local organic waste materials.  This study evaluated a material known as “Four Blend” consisting of residuals from selected municipal wastewater treatment plants and meat processing facilities.

10-3 Microbial Community Composition and Dynamics in Bioreactor Landfills
Katherine D. McMahon, UW-Madison

The objective of this study was to develop relationships between physical and environmental characteristics and microbial community composition of anaerobic municipal solid waste (MSW) decomposition in bioreactor landfills. Methanogenic microorganisms were the focus, as these microbes produce methane as the end-product of MSW decomposition. We also investigated the effects of scale (laboratory- versus full-scale) and compression stress on waste conversion to methane. Laboratory-scale reactors were operated with leachate recirculation to simulate bioreactor landfill conditions. One laboratory-scale reactor was operated with leachate recirculation and compression to investigate the effects of pressure on chemical and biological aspects of waste degradation. In addition, a cell at a full-scale recirculating landfill was monitored for chemical indicators of degradation, and the bacterial and methanogen community were characterized. The bacterial community showed distinct changes in composition during the start of methane production, with Bacteroidetes, Firmicutes, and Thermotagaea abundant during rapid methane production. Gamma- and Betaproteobacteria became abundant when methane production declined. Specific groups of methanogens (Methanomicrobiales, Methanosarcinaceae, and Methanobacteriales) were detected and quantified using qPCR. Methanomicrobiales was the most abundant methanogen in the majority of laboratory and field-scale samples, and was associated with increased methane yield in laboratory reactors. Elevated pH and high COD were associated with periods of decreased methanogen abundance.

09-1 Cladophora Biomass Diversion from Landfill and Investigation of Reuse Options
Mary Seaman, UW-Oshkosh

Cladophora is a nuisance filamentous green alga found along the shores of Lake Michigan, Lake Huron, Lake Erie and Lake Ontario. This project addresses the need to divert Cladophora biomass from public landfills and find beneficial alternative uses for the Cladophora biomass by using study sites in Door County. The project looked at alternative uses for the Cladophora and thus diverting the biomass from landfills.  The combination of 75% Cladophora to 25% wood chips was the best mixture for composting.    An informational pamphlet on composting Cladophora was distributed to various locations in Door County as well as to other interested parties.

Analysis of dried Cladophora indicated it would be useful as a secondary combustion source.  Examples of potential uses include adding the material to coal-fired power plants or forming the material into logs or pellets.  A preliminary investigation using Cladophora to produce methane in anaerobic digesters was also conducted.

09-2 Field Evaluation of a Dredged Organic Sediment as a Soil Amendment   Richard P. Wolkowski, UW-Madison
Historic industrial waste management is partially responsible for the filling substantial portions of Rib Lake with wood waste from a large sawmill and other enterprises. Managers who processed northern Wisconsin pines at this location simply pushed sawdust and other wood wastes into the nearby lake. This disposal created an additional 5 feet of sediment on top of the 25 feet of natural sediment. Thus, there is over 30 feet of organic material now covering the bottom of this 325-acre lake in Taylor County, Wisconsin. A study was conducted to examine the land application of dredged and de-watered organic sediment, evaluating the effect on plant growth and yield, soil physical and chemical properties, and nutrient and metal uptake by a variety of crops. Sediment was applied prior to seeding sweet corn, soybean, snap bean, table beet, Swiss chard, and marigold at rates that ranged between 0 and nearly 30 tons dry matter/acre. The yield of Swiss chard and table beet was increased as the rate of the sediment increased. There were no negative growth responses in any crop. The material increased the soil organic matter content and available S and Zn. There were moderate changes in the nutrient content of plant tissue and no effect on the concentration of detectable heavy metals in the harvested plant tissue. This first-year study demonstrated that the Rib Lake sediment can be applied at rates over 27 ton dry matter/acre (160 ton as-is/acre) without negatively affecting plant growth or causing environmental or health concern from metals.

08-1   Evaluation of Outreach Efforts to Increase Recycling Participation in Southeastern Wisconsin

Craig H. Maher, UW-Oshkosh, Christine M. Beimborn, UW-Milwaukee

This study sought to empirically test the effects of door-to-door outreach by youth on recycling effort in communities of different composition, recycling rates and delivery methods.  Three southeastern Wisconsin communities were identified; Milwaukee, Merton and Waukesha.  Measured in terms of recycling output, the findings were consistent; the outreach had no measurable effect on weight of recyclables collected.  Milwaukee data on empty and contaminated bins suggests that measured in these terms, the effort was effective.  Pre- and post-analyses in Milwaukee shows that in the test route following the outreach, both empty and contaminated bins decreased.  Both Waukesha County communities experienced an increase in resident requests for additional recycling bins.

These results indicate that door-to-door outreach may be a promising approach for reducing contamination and involving non-participating households in recycling.  However, these improvements were not linked with a change in recycling output that could be distinguished from typical fluctuations. 
Recommendations for future research include shifting the focus from who delivers the outreach to the message itself.  Working with youth meant that the message needed to be simplified.  Even after the training session we discovered, in the field, substantial deviation from the script.  In a separate study conduced by the Wisconsin Be SMART Coalition, survey and focus group participants indicated that not knowing what materials are accepted in their communities’ recycling programs was a top barrier preventing them from recycling more.  Scripts provided an explanation of accepted materials and a request that residents make a verbal commitment to recycle more, but the students and scouts often omitted these.  We recommend a recycling message targeting specific local informational needs by people most capable of delivering that message.
For those considering outreach, we learned that working with high school interns employed by the municipality as was the case in Milwaukee, presented fewer logistical challenges than those encountered with volunteer and school groups.  We experienced much less commitment from youth volunteers than initially promised.  The Boy Scouts leaders in Merton promised a minimum of 15 volunteers.  On the day the outreach occurred, only five volunteers reported.  We then needed to schedule additional efforts.  To the credit of the Boy Scouts leaders, they worked until the canvassing was complete.  Working directly with a high school club for the literature drop meant working through a number of logistical issues that, while understandable, led to delays.  After the first day, it was decided that the effort would be more quickly completed without the students.  

08-2 Extraction of Hemicellulose Sugars from Wood Waste (from C & D activities) to Produce Ethanol for Fuel

Michael Zorn, UW-Green Bay
It has been reported that 28.7% of the waste being landfilled in Wisconsin consists of construction and demolition (C&D) debris. This amounts to over 850,000 tons of solid waste per year. Wood waste from construction and demolition activities contains hemicellulose, a material that is readily converted into ethanol. Previous work has demonstrated that conversion of “cellulosic” residues is best accomplished by separating the hemicellulose portions of the biomass from the cellulosic portions of the biomass prior to fermentation to ethanol. The objective of this research was to investigate the influence of ultrasonic stimulation of the reaction of supercritical and near supercritical carbon dioxide on the extraction (hydrolysis) of hemicellulose sugars in wood waste. Reactions were carried out in small reaction vessels to assess the viability of the process to efficiently separate the hemicellulose sugars from the other constituents of wood waste. The main variables investigated were the time and temperature of the reaction. 
Although this study did not result in the detection of pure sugars released from either aspen or S-P-F grade wood, there were a number of useful outcomes. First, it was consistently demonstrated that reactions conducted with acid combined with sonication or supercritical carbon dioxide removed a larger mass of wood than by treating with acid alone, even at a relatively low temperature (~50ºC). It should be noted that this change in mass is not necessarily due to extraction of hemicellulose. In general, the sonication treatment removed the greatest mass of wood, followed by supercritical carbon dioxide, followed by reaction in an oven. There was also a significant increase in the mass removed with increasing reaction temperature. In addition, some furfural was positively identified as a reaction byproduct from reactions with aspen; however, the mass of furfural was very small when compared with the initial mass of wood (<0.1%). This does provide evidence that some hemicellulose was extracted, converted to xylose, and finally converted to furfural. It is possible that even more furfural was produced but was lost to volatilization either during the reaction or during subsequent processing. Due to experimental limitations, reactions with sonication or supercritical carbon dioxide were not conducted above 70ºC; however, it is expected that if the temperature were to be increased higher, significant amounts of products (i.e., sugars and/or aldehyde byproducts) would be produced. Future research will be focused on constructing an experimental set up that will allow for higher temperature reactions to be conducted.

07-1   A Comprehensive Community-Based Social Marketing Approach to Recycling Mercury Switch Thermostats

Richard S. Brooks, UW-Madison
Current project, final report is over due.
This collaborative, applied research project will identify, pilot test and disseminate effective strategies for increasing recycling of mercury switch thermostats in Dane County, Wisconsin.  Key informant interviews, field observations, focus groups and testing of recommended strategies will be derived from identification of best practices, effective incentives and current barriers to recycling identified in other states.

The investigator will engage the statewide Wisconsin Partners for SustainAbility, WI DNR, Dane County Department of Public Works, National Product Stewardship Institute, Thermostat Recycling Corporation and recycling managers in at least ten states to pool their knowledge and guide the development of a community-based social marketing approach to achieve specific behavioral objectives for each target audience.  The overall outcome will document changes in the rates and patterns of thermostat recycling, a sustainable strategy for continued increases, and a model which can be disseminated nationwide.
07-2   Economic and Technical Impacts of Single Stream Recycling on the Paper Industry in Wisconsin

Dave Hollenberg and E. Weber, UW-Green Bay
Single stream collection of recyclable materials is undergoing significant growth nationwide.  Increased amounts of material collected, increased participation by residents and reduced collection costs are driving communities to adopt single stream collection schemes.  While collection efficiencies increase, additional costs are moved downstream to the Material Recycling Facilities and the end users of the reclaimed materials.  The recycling facilities generally need to add additional equipment to improve the separation of contaminants, particularly broken glass.  If separation procedures do not provide adequate separation, then the end user must contend with increased amounts of unusable material.  This study reviews the issues surrounding single stream collection and assesses the impacts that single stream collection could have on the quality of recycled fiber going to Wisconsin paper mills.  The broadest impact will likely be on the overall cost and availability of fiber in the future.  Wisconsin operations most likely affected by the quality of fiber will be those facilities that currently use mixed and brown grades of recycled fiber.  Recommendations for lessening the potential adverse impacts of single stream collection are included along with a bibliography of single stream collection literature.

07-3  Recycling Opportunity for Gypsum Wallboard in Concrete
Tarun R. Naik, Rudolph N. Kraus, UW-Milwaukee
This research was conducted to establish mixture proportions for concrete containing powdered gypsum wallboard, and to study the technical, economical, and performance benefits of using gypsum wallboard in concrete. Gypsum wallboards (drywall) were obtained from two sources: from demolition of existing drywall, and from new construction. Concrete mixture proportions and production technologies were optimized under controlled laboratory conditions. This project showed that up to 60% of cement in a concrete mixture could be successfully replaced with a blend of powdered gypsum wallboard and Class C fly ash. Use of sodium sulfate (1% of cement + gypsum wallboard + fly ash by mass) as an activator was necessary in improving the 1-day and 3-day strength of concrete containing gypsum wallboard and Class C fly ash. Compared with reference concrete mixtures (without gypsum wallboard and Class C fly ash), concrete mixtures made by replacing 30% to 60% of cement (with gypsum wallboard and Class C fly ash) showed nearly equivalent 7-day compressive strength, and equivalent 28-day

compressive strength.

A concrete mixture made using 40% cement, 10% powdered gypsum wallboard, and 50%

Class C fly ash showed negligible length-change, after expansion due to immersion in lime saturated water for one month, followed by shrinkage due to drying for approximately four months at 50% relatively humidity. Such concrete mixtures could be used to minimize drying shrinkage cracking of concrete, leading to a much increased durability and performance of concrete structures. A mortar mixture made using 40% cement, 10% powdered gypsum wallboard, and 50% Class C fly ash showed much higher resistance to sulfate attack compared with reference mortar (with 100% cement).

Assuming 80,000 tons of gypsum wallboards can be recycled in concrete in Wisconsin, with a potential total value of $2.4 million in avoided disposal costs of gypsum wallboard, $30 million in savings resulting from cement replacement, plus $10 million in CO2 credits, total direct economic benefit to Wisconsin that could be generated by wallboard recycling might be valued at about $42 million each year.

07-4   Reduction of Solid Waste Generated at Activated Sludge Wastewater Treatment Plants by Sequential Anaerobic and Aerobic Digestion

Daniel Norguera, UW-Madison
A novel cycling anaerobic/aerobic digestion (CAOD) process was evaluated for its potential to reduce excess biomass generated from activated sludge wastewater treatment plants. Three different experiments were conducted, with each experiment consisting of two different operational conditions. A conventional single stage anaerobic digester was also operated as a control reactor for comparisons of volatile suspended solid (VSS) destruction. The conventional single anaerobic digester showed VSS reduction between 30 and 41% when operated with solids retention time (SRT) between 9.5 and 16.9 days. CAOD systems operated in the same SRT resulted in VSS reductions that were comparable to those observed in the control reactor, and therefore, we conclude that the CAOD system is not a promising alternative for reducing excess biomass from activated sludge. 
06-1   A Feasibility Study on Solid Waste Elimination for Environmentally Benign Machining Processes

Tien-Chien Jen, UW-Milwaukee
In many machining processes, a metalworking fluid serves many system functions such as lubrication, thermal sink, corrosion inhibitor, chip control and washing. The cost of recovery for these contaminated materials can account for nearly 30% of the total operational cost of the machining processes. 

The main objective of this project was to demonstrate the feasibility of running a completely dry machining operation, which not only eliminates the use of metalworking fluid, but also eliminates the contamination of the swarf. The swarf can then be fully recycled. The absence of the metalworking fluid reduces the amount of heat carried away, resulting in an increase in tool and workpiece temperatures. Elevated temperature can significantly shorten the tool life. The concept behind this research was to demonstrate that an internally-cooled machining tool can perform at the same level as a conventional externally cooled machining tool and thus eliminate the use of metalworking fluids 

The drilling/end milling tests concluded the heat concentration and increased temperature could result in the failure of drills/end mills. The increased temperature lead to an increase in the amount of built-up edge, which ultimately caused the failure of the tool due to the adhered material and/or chipping caused by the adhesions breaking off. The heat pipe drill/end mill and the thermosyphon drill/end mill can both transfer the heat effectively and improve the tool life. With the tin-fit heat pipe drill the tool life could be almost two times larger than the regular drill. With the thermosyphon drill the tool life could be over two and one half times larger than the regular drill. Even though we have not seen the failure of the end mills, but the tool wear for the standard end mill (solid end mill) is much larger than the heat pipe and thermosyphon end mills. Thus, it can be concluded that both of these cooling methods show promising results for dry drilling/end milling. 

06-2   Leaching from Iron Foundry Slags - Implications for Beneficial Reuse

Craig Benson, Tuncer Edil, Mitchell Eberhardt, UW-Madison

The purpose of this study was to assess leaching of trace elements from gray iron slags in the context of their use in sustainable construction applications. Total elemental analyses (TEA), water leach tests (WLTs), and column leach tests (CLTs) were conducted on four slags. 
Results of the WLTs and TEAs were used to evaluate the suitability of the slags for reuse in terms of Chapter NR 538 of the Wisconsin Administrative Code. Based on the WLT data alone, two of the slags can be used without restriction (including below the water table) and the other two slags can be used in confined and unconfined applications at the ground surface or in the vadose zone (not below the water table). The more restrictive conditions for the two slags were due to higher concentrations of Fe and Mn. When the TEAs were considered, three slags were found to be suitable only for applications at the ground surface or in the vadose zone, and one slag was restricted to subsurface applications in the vadose zone. Trace element concentrations in the leachate from the WLTs were also compared to the Enforcement Standards (ESs) from Chapter NR 140 of the Wisconsin Administrative Code. WLT concentrations exceeded ESs for Fe (WAB slag) and Mn (ARC slag).
06-3   Mercury Removal from Coal Combustion Byproducts and Sorbents

Jin Li, UW-Milwaukee

The experimental results indicate that elemental mercury can be removed by both the bench scale TGA and the pilot scale Air Slide with reasonable efficiencies. The bench scale experiment

using thermogravimetric analyzer (TGA) removed 29%, 100%, 100%, and 100% at operation

temperatures of 800oF, 900oF, 1000oF, and 1100oF, respectively, without catalysts, and 100%

mercury removal with catalysts at 700oF and beyond. The bench scale results demonstrate that

mercury can be liberated with a higher efficiency in a well controlled environment. It also

demonstrates that a mixture of 1% copper (II) oxide (CuO) and 4% Iron (III) oxide (Fe2O3)

catalyst and 5% cuprous chloride (CuCl) can enhance mercury liberation at lower temperatures.

The catalytic performance of 5% cuprous chloride (CuCl) was identical to that of the copper-iron

mixture. Carbon loss as determined by LOI was minimal, but increased with temperature to a

maximum of about 13% with and without catalysts. SEM analysis on the PAC samples from the

TOXECONTM process observed no change in particle aggregation. Particles from the baghouse of the Air Slide looked finer than the rest. In general, thermal treatment had no effect on particle

morphology. Energy dispersive x-ray analysis shows that the PAC samples from the

TOXECONTM process are composed of coarse and fine particles; the coarse particles were rich

in calcium and sulfur embedded in a matrix of carbon and the fines were fly ash particles rich in

aluminum, silicon, and magnesium. The chemistry of the PAC samples were the same in all the

samples examined. We recommend performing the Brunauer Emmett and Teller (BET) test on

the samples to determine the surface area and pore size distribution. The adsorption capacity

should also be assessed to determine the degree of regeneration.

06-4   Processing Solutions & Market Applications for Mixed Plastics found in Retired Electronic Housings - Flame Retardants, Modifiers & Co-Injection Molding

Tim Osswald, Polymer Engineering Center, UW-Madison

Electronics reclaimers are generating rising volumes of mixed ABS plastics from the processing of computer equipment and televisions. This flow represents a large market opportunity. Within our research we are investigating the processability of this scrap material and the properties of the resulting material. We found that the mechanical behavior of the reclaimed material was fairly repeatable, with the exception of impact properties. However, better compounding will result in even more consistent properties. We are also focusing on potential processing solutions and market applications for this mixed ABS scrap.

These computer and monitor housings present a high quality material that can be reprocessed without great loss in properties. They provide consistent melt flow and mechanical properties crucial to making a viable molding material. The high availability and low cost of the housings make them perfect candidates for parts such as general utility applications, such as, lighting fixtures, coinjection pieces, and maybe even electronics housings.

05-1   Cleaning Agricultural Plastic Film for Recycling

Andrew Kotloski, Dr. Brian Holmes and Dr. Kevin Shinners, Biological System Engineering Department, UW-Madison 

This project’s goal was to increase agricultural plastics recycling by developing systems to reduce used film contamination. Recycling can occur when recycling center managers are satisfied with the plastics’ cleanliness. Recycling is a cost effective and environmentally friendly substitute to burying or burning. This eliminates the need for landfill space, reduces pollution and preserves resources. This project developed a machine for contamination removal. Contaminants are any material other than low density polyethylene. 

A test machine utilizing brushes and scrapers was built. This machine had the capability to vary the speed ratio between the feeding rolls and cleaning brushes. The speed ratio controls how much brushing occurs per length of plastic. The brushes effectively removed dry soil and crop, but had difficulties with moist material. Rubber scrapers removed some wet substances, but failed to remove enough wet material to reach the less than 4% contamination goal. The machine removed substantial amounts of typical contamination. 

The waste plastic left on the ground for extended periods or located in muddy areas contributes to the soil build up. Less contaminated plastic was more likely to reach the cleaning goal. Clean plastic is more appealing for recycling, because it is less expensive to reuse. 

05-2   Recycling of Residual Solids from Wisconsin Pulp and Paper Industry in Flowable Slurry         

Tarun R. Naik, Yoon-moon Chun, and Rudolph N. Kraus, Center for By-Products Utilization, 

UW-Milwaukee

This research was conducted to establish the mixture proportioning and production technologies for flowable slurry (or controlled low-strength materials, CLSM) containing pulp and paper mill residual solids; and to study the technical, economical, and performance benefits of using the residual solids in the flowable slurry.

Fibrous residuals generated from pulp and paper mills were used, and flowable slurry mixture proportions and production technologies were optimized under controlled laboratory conditions. Two types of flowable slurry were made: fly ash slurry and sandy slurry. The control fly ash slurry containing no fibrous residuals showed a tendency to set rapidly, sometimes making it unworkable. When the ratio of cement to cementitious materials was increased to extend the time of setting, the long-term strength of hardened slurry often became too strong (unexcavatable). The problem of a high long-term strength was also frequently observed in the case of the control sandy slurry containing no fibrous residuals. In comparison, the use of fibrous residuals extended the time of setting of fly ash slurry and limited the long-term strength of fly ash slurry and sandy

slurry to a low level, allowing for future excavation of hardened slurry mixtures.

04-1 Consolidation of Solid Waste Management Services in the State of Wisconsin 
John R. Stoll and Bethany Hemstreet, UW-Green Bay 
The project looked at the consolidation of solid waste disposal and recycling facilities across the state of Wisconsin. The Tri-County Solid Waste and Recycling agreement between Brown, Outagamie, and Winnebago Counties served as one case study for assisting other municipalities regarding the potential benefits from the consolidation of waste management services. Other solid waste consolidation agreements proposed and/or implemented throughout the state, elements of success and potential challenges associated with service consolidation were defined and considered as well. Financial information and perceptions were solicited about pre- and post-consolidation expenditures associated with operating solid waste and recycling facilities. This information is useful as a tool in targeting areas where other types of service consolidation agreements may be feasible. 

04-2 Biodegradation of Phenolic Plastic Resins with White Rot Fungi

Adam C. Gusse and Thomas J. Volk, Department of Biology, UW-La Crosse

Phenolic resin plastics, non-biodegradable phenol-formaldehyde polymers, are produced at an annual rate of 2.2 million metric tons in the United States for several industrial and commercial applications.  Three independent lines of evidence established their biodegradability with the white-rot fungus Phanerochaete chrysosporium.  Chromatic transformation (to pink) indicated degradation of the resin, three days after inoculation.  The degradation product, 13C -labeled phenol, was detected with Gas Chromatography-Mass Spectroscopy.  Scanning electron micrographs revealed further evidence of degradation. This is the first demonstrated biodegradation of these polymers and stands to catapult investigation into bioremediation or recycling of phenolic resins. 
04-3 Leaching of Heavy Metals from Organic Soils Stabilized with High Carbon Fly Ash 
Jacob J. Sauer, Craig H. Benson, and Tuncer B. Edil, Geo Engineering Program, UW-Madison 

This study was conducted to investigate the potential of metals leaching from soft organic soils stabilized with high carbon fly ashes. Metal leaching was assessed through a series of water leach tests (WLTs) and column leach tests (CLTs) conducted on soil alone, fly ash alone, and soil-fly ash mixtures. Leachate from these tests was analyzed for cadmium (Cd), chromium (Cr), and silver (Ag). Concentrations of these metals in leachates from both sets of tests were compared with each other and with limits stipulated in Sections NR 538 and NR 140 of the Wisconsin Administrative Code. Selenium (Se) concentrations are also regulated under NR 538. However, because of problems with the analytical method, Se concentrations from the WLTs and CLTs are not included in this report. 
Concentrations from the WLTs conducted on the fly ashes alone were lower than the limits for Category 4 byproducts in NR 538. Moreover, concentrations of Cr and Ag from WLTs conducted on the soils alone were higher than those from WLTs on the fly ashes alone and soil-fly ash mixtures. Cd was only detected in three WLTs, and the Cd concentrations in leachate from WLTs on soils alone, fly ashes alone, and soil-fly ash mixtures were more than 35 times lower than the NR 538 limit. 
Three leaching patterns were observed in the effluent from the CLTs: first-flush, lagged-response, and steady-rate leaching. No relationship was found between the properties of the soil-fly ash mixtures, element, and the leaching pattern observed. Multiple leaching patterns were observed for each element and for each soil-fly ash mixture. 
Peak Cd concentrations exceeded the NR 140 regulatory limits for all CLTs, but Cr and Ag concentrations were below NR 140 and NR 538 limits. Unlike the WLTs, Cr concentrations from CLTs on soil-fly ash mixtures were higher than those from soil alone. However, Cr 

concentrations from the CLTs never exceeded the NR 140 or NR 538 limits. In contrast, leachate from the CLTs on soil-fly ash mixtures had lower Cd concentrations than those on the soils alone (except one soil-fly ash mixture). Ag concentrations in the leachate from the CLTs never exceeded the regulatory limits of NR 538 or NR 140. No relationship was found between the peak CLT concentration and the WLT concentration for tests performed on the same mixture. 

Because the concentrations of Cr and Ag from the CLTs and WLTs fell below NR 538 and NR 140 limits, there appears to be a relatively small risk of groundwater contamination associated with Cr and Ag leaching from soft organic soils stabilized with high carbon fly ashes. In contrast, Cd leached at negligible concentrations in the WLTs, but at concentrations above NR 140 limits in the CLTs. However, because Cd concentrations from the CLTs on soil-fly ash mixtures were lower than those from CLTs on the soils alone, soils stabilized with high carbon fly ashes should pose no greater risk for Cd contamination of groundwater than leaching from the unstabilized soils. 

03-1   Conversion of Manufactured Gas Plant (MGP) Solid Waste to Glass Aggregate Using Oxy-Fueled Vitrification

Greg Kleinheinz, UW-Oshkosh

Main objective was to determine feasibility of converting manufactured gas plant (MGP) waste to glass using an oxygen-fueled melter. The study covered three phases, including a series of laboratory tests, a series of crucible melts, and a demonstration melt in a commercial scale unit.

03-2   Use of Fly Ash and Limestone Quarry By-Products for Developing Economical Self-Compacting Concrete
Tarun R. Naik, Rudolph N. Kraus, Yoon-moon Chun, Fethullah Canpolat and Bruce w. Ramme

The scope of this research was to determine the usefulness of limestone-quarry by-product material in the development of economical self-compacting concrete (SCC). Class C fly ash received from a Wisconsin power plant was also used.  The main objective of this project was to evaluate the possibility of using these materials to reduce costs of expensive chemical admixtures needed for the manufacturing of self-compacting concrete.  Use of quarry fines and Class C fly ash in SCC is expected to provide significant economic benefits to quarries, coal-fired power plants, and concrete producers.  Based on the extensive laboratory work, it was concluded that the limestone-quarry fines and Class C fly ash have high potential for use in the manufacturing of SCC.  The test data collected indicate that these materials can be used in the manufacturing of economical SCC in several different ways.  When quarry fine material was used for the substitute of natural sand, it reduced the requirement of chemical admixtures, high-range water reducing admixture (HRWRA) and viscosity-modifying admixture (VMA), without affecting the strength of SCC.  The 28-day compressive strength of the mixtures made with sand replaced with quarry fines was in the range of 7,500 psi and 9,000 psi, qualifying the mixtures to be classified as high-strength SCC.  Also by using Class C fly ash for the replacement of up to 55% of total cement by mass, high-strength SCC with the 28-day strength in the range of 9,000 psi and 10,000 psi was produced in an economical way.  In conclusion, the use of quarry fines and Class C fly ash significantly reduced the amount of expensive chemical admixtures such as HRWRA and VMA in producing SCC.
03-3  Nitrogen Requirement of an Artificial Topsoil Mix Prepared with Papermill Fiber Residuals and Subsoil for Stabilization of Non-Metallic Mine Sites

Richard P. Wolkowski, UW-Madison

The study examined blending organic papermill residuals with subsoil to create artificial topsoil capable of supporting ground cover for mine remediation sites.  Main objective was to determine the blend ratio of papermill residual, subsoil, and inorganic nitrogen fertilizer that optimizes plant growth.

02-1   Bioconversion of Waste Products from Beer Brewing into Edible Mushrooms

Thomas Volk, UW-La Crosse

Study investigated the use of spent grains from beer and ethanol production and hardwood waste as an inexpensive substrate for mushroom spawning and cultivation.  Most of the fungi used as inoculants displayed rapid mycelial growth when grown on any combination of the substrates.

01-3   Beneficial Reuse Options of Class A Biosolids from Municipal Wastewater Treatment Plants

Greg Kleinheinz, UW-Oshkosh

The study characterized Class A biosolid products, organized demonstration projects for their use in the Fox Valley, and documented the reactions and concerns of end-users. 

01-1   Impact of Mercury Attached in Spent Fluorescent Lamps on the Recycling of Glass and Its Effect on Public Health and Environment

Jae K. Park and Min Jang, UW-Madison

Project examined the levels of mercury associated with fluorescent lamp recycling.  Mercury extractions  were performed to determine the partitioning of mercury in five different components: vapor phase, washing solution, phosphor powder, end caps, and glass.

01-2   Enhancing the Applicability of DNR Recycling Data in Technical Assistance Efforts

Wayne Carroll, UW-Eau Claire

Researchers assessed the Wisconsin Department of Natural Resources (DNR) residential recycling database, and evaluated its usefulness in supporting DNR technical assistance efforts.  Study considered whether DNR data can be used to identify high-cost programs (those that might benefit most from technical assistance) and low-cost programs (those that could serve as a model for others).

00-1   Use of Wood Ash for Structural Concrete and Flowable CLSM

Rudolph N. Kraus and Tarun R. Naik

Study tested concrete and controlled low strength material (CSLM) manufactured with wood ash and coal fly ash.  Concrete and CLSM mixtures were tested for both working and hardened properties, including compressive strength, splitting tensile strength, and drying shrinkage.

99-1   Potato Production with Raw or Composted Paper Mill Sludges: Effects on Soil Properties and Disease Incidence

Leslie Cooperband, Alexandra Stone, and Brian Foley, UW-Madison

The overall objective of this research is to evaluate the short and long term benefits of amending sandy soils with paper mill sludge (PS) and PS composts in a vegetable rotation in Wisconsin’s Central Sands region.  Specific analytical soil quality goals include in-season nutrient availability and crop use efficiency, soil physical properties, soil chemical properties, soil biological properties, and disease incidence.
99-2 Improving Wisconsin's Recycling Efforts: A Study of the Experiences of Responsible Unit Managers

Denise Scheberle and Roberta Pagel, UW-Green Bay

The purpose of this study was to evaluate the factors that facilitate and hinder the implementation of local recycling programs from the perspective of the responsible unit managers.  Based on survey and interview data, researchers identified several major constraints affecting local programs.
99-3   Recovery of Valuable Polymers from Sewage Sludge

Daniel R. Noguera and Maura A. Drnevich, UW-Madison

Study evaluated the recovery of polyhydroxyalkanoate (PHA) polymers from sewage sludge of municipal wastewater treatment facilities.  Research showed that PHA recovery from sewage sludge is possible, but at relatively low levels compared to conventional commercial PHA production.
99-4   A Survey of the Demand and Capacity for CRT Recycling Services in Wisconsin and Beyond

Peter Dickson and Neil Peters-Michaud, UW-Madison

Study evaluated common disposal options for cathode ray tubes (CRT’s) from computer monitors, televisions, and other video display terminals.  Researchers considered glass-to-glass recycling, lead recovery in a secondary lead smelter, energy recovery from a smelter or permitted waste-to-energy facility, or hazardous waste treatment and disposal.
99-6   Beneficial Reuse of Foundry Sands in Controlled Low Strength Material

Jeffrey S. Dingrando, Craig H. Benson, and Tuncer B. Edil, UW-Madison

Study characterized controlled low strength material, or flowable fill, containing various combinations of foundry sand, fly ash, Portland cement, and water.  Unconfined compressive strength, flow, setting time, and environmental degradation tests were conducted.  Project goals included examining the effects of each mixture component on the overall performance of flowable fill and designing flowable fill containing foundry sand that meets Wisconsin Department of Transportation specifications.

98-1   Beneficial Reuse of Foundry Sands in Construction of Hydraulic Barrier Layers

Tarek Abichou, Craig H. Benson, and Tuncer B. Edil, UW-Madison

Study addressed practical issues necessary to the use of foundry sands in the construction of hydraulic barrier layers, including selecting appropriate sands, identifying key properties for useful sands, determining construction methods, and evaluating durability.
98-2   An Evaluation and Establishment of Process and Mechanical Properties Database for a Selected Recycled Polymer Reinforced with Forest Product

Majid Tabrizi, UW-Platteville

Goal of the study was to provide standard test data for processing behavior and mechanical properties for selected polymers filled with wood flour, using standard ASTM test methods.
98-3   The Use of Crushed, Recycled, Construction Drywall As Animal Bedding and As an Animal Feed Additive

Nancy Soeurt and Gary Splitter, UW-Madison

Researchers evaluated the use of ground-up recycled new drywall for animal bedding on both hog and dairy farms, and also considered its use as a feed additive.
98-4   Extrusion of Low-Grade Paper and Sludge into Solid Composites

Daniel J. Klingenberg and Tim C. Scott, UW-Madison

By adding water soluble polymer to a high consistency mixture of papermill sludge and low-grade paper fibers, the resulting composite mixture can be extruded and dried to produce solid forms.  This study focused on process issues, including die design and extrudate consolidation, effects of sludge composition, and the role of water soluble polymers.
98-5   Field Hydraulic Conductivity of Three Test Pads Constructed with Foundry Sands

Tarek Abichou, Craig H. Benson, and Tuncer B. Edil, UW-Madison

Researchers evaluated the potential of foundry sands for the construction of low hydraulic conductivity barrier layers for landfills, ponds, and sewage lagoons.  Field tests complement other positive laboratory tests.

97-1 Forecasting Model for Construction and Demolition Waste Quantities in Dane County, Wisconsin

Awad S. Hanna and Carter Dedolph, UW-Madison

Researchers sought to develop a model for predicting construction and demolition waste quantities as a aid to local government landfill site planning.  Study also focused on C&D material composition to determine potential recyclable quantities.
97-2   Class F Fly Ash as a Barrier Material: Laboratory and Field Evaluation

Brian G. Palmer, Craig H. Benson, and Tuncer B. Edil, UW-Madison

Study examined the potential of Class F coal fly ash for use in reactive barrier walls constructed to limit the movement of chemicals in groundwater.  Class F fly ash was mixed with bentonite, sand, Class C fly ash, and bottom ash at varying water contents to build mixtures having low hydraulic conductivity, and the mixtures were tested both in the laboratory and in the field.
97-3   Characterization of Older Landfill Material and the Potential for Further Degradation

Robert K. Ham, Brian Della, and Shannon Mohr-Thornburg, UW-Madison

Researchers sampled refuse from six landfills ranging in age from 15 to 39 years.  Samples were analyzed for chemical composition, for the potential to form additional methane, and for the potential to release volatile organic compounds.
97-4   Learning by Doing in Residential Recycling Programs: Evidence from Wisconsin

Wayne Carroll, UW-Eau Claire

This research tested the hypothesis that as communities gain more residential recycling experience they improve their efficiency, so recycling becomes more cost-effective.  Study found instead that costs have generally increased over time for Wisconsin’s recycling programs, and considered various explanations for the increased costs.

97-5   Reduction and Reuse of Sludge Generated from Water Treatment Plants

Liang-Ming Whang and Jae K. Park, UW-Madison

Study evaluated sludge generated at Wisconsin water treatment plants.  Reuse and disposal methods were also evaluated for the sludge in a Neenah, Wisconsin water treatment lagoon based on technical feasibility, economics, effectiveness, reliability, and local conditions.

96-1  Compost Maturity Assays and Plant Disease Suppression

Lloyd A. Peterson and Rick Voland., UW-Madison

Several compost maturity indices were evaluated to determine the feasibility of using Wisconsin composts in plant disease suppressive horticultural potting media.  Composted municipal wastes and other Wisconsin composts will be tested for microbial activity, microbial biomass, chemical composition, solid-state nuclear magnetic resonance and infrared spectroscopy, in respect to plant disease suppression.  The results of this research will contribute to a better understanding of compost maturation and quality requirements for composts used in horticulture.

96-2 Landspreading MSW Compost in Wisconsin:  Effect on Corn Yield Nutrient and Metal Uptake, and Soil Nitrate

Richard P. Wolkowski, UW-Madison

The study is evaluating the relationship between compost age and crop growth.  The effect of the compost application with respect to its contribution to soil nitrate moved below the zone of application, as well as, the release of heavy metals in the soil and their subsequent plant uptake also will be studied.  These studies will provide information that can be used to support a data base for the development of rules for the land application of composts in Wisconsin.

96-4 Recycling Industrial Wood Waste as Cement/Wood Construction Block

Max Anderson and Kurt Rolle, UW-Platteville

Study investigated the use of waste wood from pallets as a light weight aggregate in cement block.  Experimental blocks were tested for compressive strength, compressive strength after freeze/thaw cycles, fire resistance, insulation “R” value, and lateral load strength.

96-5   1994-95 Enhanced Marketable Application of Waste Dry Fiber

Charles E. Yost, UW-Stout

Researchers explored product development for four possible uses of dry fiber molding, using waste paper fiber.
95-1 Analysis and Mechanical/Thermal Characterization of Recycled Glass Slabs

Osama M. Jadaan, Ravikumar Parathivadi, and Frank Eshelman, UW-Platteville

Study looked at fused glass slabs manufactured for mosaics and other art forms, where trial and error mixtures of a variety of recycled glass feedstock have unpredictable performance.  Researchers sought to develop an analytical and experimental procedure to determine reliability for recycled glass mixtures.

95-2 Land Application of Municipal Solid Waste Compost

Aga S. Razvi and Brian D. Rieck, UW-Stevens Point

A comprehensive look at the land application of compost produced from municipal solid waste at the Portage, Wisconsin composter.  Report is organized in five parts:

· Groundwater Contamination Potential 

· Impact on Infiltration, Runoff and Surface Water Quality 

· Plant Trace Element Composition 

· Trace Element Distribution in Two Soil Profiles 

· Monitoring of Soil, Plant, and Water, Four Years After Compost Application 

95-3  Direct Landspreading of Municipal Yard Wastes on Agricultural Land

Kevin J. Shinners, UW-Madison

This study will investigate modifying conventional agricultural machines to provide adequate loading and spreading capacity at the farm level.  Spreading and tillage tools will be modified to improve spread uniformity and incorporation effectiveness.  A plot study will be undertaken to quantify the nitrogen requirements necessary to achieve decomposition of the various fractions at different application rates.  The plot study will investigate each yard waste fraction separately in order to determine the nitrogen requirements between materials with different carbon to nitrogen ratios.

95-4   Physiochemical Properties of Mixed-Recycled Soda-Lime Silicate Container Glass with Application to the Art Glass Industry

Reid F. Cooper, UW-Madison

Working closely with Chicago Art Glass, a manufacturer of recycled glass fusion products, the study considered a temperature/time (T/t) protocol to accommodate variability in the thermal expansion behavior of materials in the waste stream.  Researchers found that post-consumer glass cullet is self-compatible for fusion, so a special T/t protocol is not required.  Control of color in final products presents a more critical concern for manufacturers.
94-1  Evaluating Municipal Solid Waste  for Container Stock in Nurseries

Robert W. Miller and Paul Blome, UW-Stevens Point

Trees grown in compost mixes showed significant improvements over peat mixes in stem elongation, diameter growth, and leaf color.  Results of soil analysis suggests this can be attributed to an abundance of essential elements in composted solid waste.

94-2  Nutrient and Metal Availability of a Municipal Refuse Compost Applied to Agricultural Cropland in Northwest Wisconsin

Richard Wolkowski, UW-Madison

The three year study examined the effect of a municipal refuse compost on the yield, nutrient uptake, and first-year nutrient availability of corn grown in northwestern Wisconsin.

94-3 Windrow Composting of Municipal Leaves and Liquid Dairy Manure

Robert M. Butler and William M. Connolly, UW-River Falls

Researchers evaluated composting of leaves with dairy manure by relating material composted and management methods to resulting physical properties, contaminant level, and costs of operation.  Temperature, volume reduction, and nutrient content were examined.

94-5 Characteristics of Flowable Slurry Containing Foundry Sand and Fly Ashes

Tarun R. Naik and Shiw S. Singh, UW-Milwaukee

Study examined flowable slurry incorporating various proportions of foundry sand and Class F fly ash.  Mixes were tested for physical and chemical properties, and leachate characteristics.

94-6 Waste Glass as Aggregate for Concrete

Rodolfo V. de la Cruz and Steven M. Cramer, UW-Madison

Study evaluated 30 different concrete mixes containing various proportions of waste glass aggregate and fly ash.  Three major concrete properties were measured for each mix: slump as an indicator of consistency and workability of the fresh concrete, compressive strength and expansion at ages ranging from seven to 180 days.  The best performing mixes received further testing evaluation.

94-7   Assessment of the Residue Quality and Exportable Energy from, and Digestor Behavior During, the Anaerobic Digestion of Municipal Solid Waste

Robert K. Ham and Steven S. Hirshfeld, UW-Madison

Study considered capabilities of anaerobic digestion as a method for disposal of municipal solid waste.  Research objectives addressed the characteristics of solid digestion residue, the long-term stability of an anaerobic digester using MSW feedstock, and optimization of methane production from the digestion process.

93-1 Wisconsin Local Government Recycling Programs: A Cost-Effectiveness Analysis

John R. Stoll, Mary Kohrell, and John Katers, UW-Green Bay

Study focused on the factors which influence the cost of recycling programs and their cost-effectiveness in achieving solid waste recycling objectives.  Particular attention was paid to whether across the board recycling mandates are appropriate and ways in which guidance can be provided for State policy implementation and local program design.  It is anticipated that the findings will be generalizable in terms of both methodological procedures and practical application.

93-2  Recycling of Solid Wastes to Improve Soil Characteristics and Growth of Christmas Trees

Clive David, UW-Stevens Point

This study investigated whether, and at what application levels, composted solid wastes can be land applied to improve the growth of Christmas trees on sandy soils in Central Wisconsin without deep leaching of heavy metals and nitrates.

93-3  Fate of Biodegradable Plastic Bags in Municipal Yard Waste Composting Facilities

Brett H. Emmons and Jae K. Park, UW-Madison

This research attempted to quantify the rate of biological degradation of biodegradable plastics in compost environments and investigated chemical constituents in the finished compost.

93-4  Shear Strength of Sand Reinforced with Shredded WasteTires

Gary J. Foose, Craig H. Benson, and Peter J. Bosscher, UW-Madison

The primary objective of the proposed research was to develop design procedures for reusing discarded tires as a cost effective means of improving the engineering properties of soil.  At the present time, many contractors rely on the use of petroleum-based geotextiles to improve soils.

93-5 Failure Analysis, Evaluation, and Field Fixes for Portage Co-Composting Drum

Walter S. Chmielewski and Paul W. Claar II, UW-Platteville

The city of Portage’s municipal solid waste composter is a vessel approximately 11 feet in diameter and 165 feet long. Initially the drum had a wall thickness of 3/4 inch, but due to fatigue, it eroded/corroded to 1/4 inch.  Finite element models were evaluated for fatigue damage.

92-1  An Economic Analysis with Market and Waste Characterization Studies of the Municipal Solid Waste Co-Composting Facility in Portage

John D. Strasma and Tsun-Wei Lai, UW-Madison.

The study evaluated the economics of the co-composting technology being used and assessed the economic viability of composting as a component of municipal solid waste management systems.  Results indicated that composting is a promising method of waste disposal which converts organic waste solids into a stable product with a lower bulk volume than the original waste.  With minimum revision, the computer spreadsheet models that were developed can be used by solid waste officials of other municipalities to perform economic analysis or preliminary investment analysis.

92-2  Evaluation of Municipal Solid Waste Compost Glass Content and Reduction of Glass Entering MSW Composting Systems

Philip R. O'Leary and Andrew R. Swartz, UW-Madison.

A laboratory procedure was developed to measure the glass content of compost produced by the city of Portage municipal solid waste composting system.  Based on 51 samples, average glass content was 3.79% on a dry weight basis (1.96% wet weight).  Particle size and color distributions and frequencies were determined for the glass fragments.  The city's recycling program was monitored and surveys identified glass waste handling methods that could improve glass diversion from a composting system at the source.

92-3  Fate of Volatile Organic Chemicals in Municipal Solid Wastes  at the Porage Co-Composting Facility

Jae K. Park, Brett Emmons, David Armstrong, and Jae Y. Kim, UW-Madison.

The study investigated the fate of volatile organic chemicals (VOCs) contained in the municipal solid wastes in the Portage co-composting facility by monitoring the gases given off by the composter and analyzing the solid and liquid products of the composting process.  The dominant mechanisms of VOC removal at the facility seemed to be volatilization and biodegradation.  VOCs, which would end up in a landfill if not composted, appeared to be significantly removed during the composting.

92-4  Physical/Chemical Mass Balance During Composting at the Portage, Wisconsin Facility

Aga S. Razvi and Melissa Gildersleeve, UW-Stevens Point.

The study evaluated the physical composition of municipal solid waste entering the composter and the partially composted material exiting the vessel.  The contribution of heavy metals from various items in the feedstock and their contribution to the final product were evaluated.  Results suggest that separation of the compostable fraction from municipal solid waste before composting should yield a significantly higher quality compost.

92-5  Physical Properties of Composted Materials Mixed With Sand

Earl McCullough, Richard Wetzel, and Kenneth Buttry, UW-Platteville.

The objective of this study was to determine density and shear strength characteristics of mixtures of compost and sand.  The information will be useful in determining the feasibility of using compost in embankments or other engineered fills.

92-6 The Effects of Fractionation on the Properties of Handsheets After Repeated Recycling

Said Abubakr, UW-Stevens Point

Researchers used fiber fractionation to analyze the fiber quality of recycled paper pulp.  The proportion of long and short wood fibers was related to the performance quality of paper produced, and the impact of the addition of virgin fiber to recycled pulp was considered.

92-7 Soil Reinforcement with Strips of Reclaimed HDPE

Craig H. Benson and Milind V. Khire, UW-Madison

This study considered the feasibility of reinforcing soil with strips of recycled high-density polyethylene (HDPE).  Strips of HDPE were mixed with sand and tested to determine California Bearing Ratio (CBR), secant subgrade modulus, resilient modulus and shear strength.  Test results show that substantial increases in strength and stiffness can be obtained by adding waste plastic to sand, provided the strips are sufficiently long.

91-1 Hydrologic Analysis of the Landfill Cell at the Portage Composter

Craig H. Benson, UW-Madison.

The objective of the study was to determine if compacted compost has properties suitable for hydraulic barriers used in liners and final covers of landfills.  The results show that compost can be compacted into a dense mass with low hydraulic conductivity.  The compost is also more resistant to increases in hydraulic conductivity caused by desiccation and freeze-thaw than compacted clay.  Compacted compost also has greater shear strength than compacted clay and therefore is likely to remain stable on typical landfill slopes.

